Project work represents a significant part of university studies, making them an important concern for teaching development. Many universities have used international engineering competitions such as the Eurobot robotics competition as a tool in engaging and motivating students. Based on a theory on why these competitions are successful, we propose how smaller-scale projects can use digital fabrication and joint projects to reach similar results. We present a case study of an ongoing robotics project course in the field of computer engineering, showing how a practical implementation of these ideas and how the field-specific problem of software intercommunication and interoperability can be solved using the Robotic Operating System software framework. While the course is still in progress, initial observations indicate that the course is going to be successful. 
Introduction
Large student projects represent a significant investment both for academic organisations and students. With between 150 -300 hours of work, projects form a major part of the student's professional development, making improving the arrangements of project courses crucial. Many universities have used large engineering events such as formula competitions [1, 2] for mechanical engineering and related fields and various robotics competitions [3, 4, 5] in the computer engineering field to provide challenge, sought-after skills and learning experiences to students. At the same time, these projects require significant time, funding, project management and a clear focus on the topic dictated by the competition. As individual teachers might not have the necessary resources, the topics might not be a good fit to the aims of the student program in question or the time spent by students on that particular area should be smaller. Such events cannot answer all project needs. However, understanding why these projects are efficient in fostering student engagement and motivation could allow teachers to reap those benefits without the downsides.
Theoretical Background and course design
We propose that the success of large engineering competitions comes from the existence of a self-designed real-world artifact and the real-world problems it must solve. Additionally, students are responsible for the whole project team, making weak project outcomes reflect bad on them in the eyes of their peers, and publicly attempting to pass a sub-par product would not satisfy engineeringminded students themselves either. The design of the case study course started from analysis of motivation theories and how these could explain how the success of engineering competitions could be used in smaller scale projects. Of the well-known theories of motivation, Herzberg's theory [6, 7] of hygiene and motivation factors seemed to be best suited for both answering this question and providing clear guidelines for course project topic formulation. Additionally, we feel the concept of equity from Adams [8] should be incorporated as a hygiene factor. Additionally, we feel that theories suitable to engineering course planning are presented by Hackman and Oldman [9] (psychological states related to motivation), McGregor [10] (theories X and Y) and Ouchi [11] (theory Z). In Herzberg's theory the absence of hygiene factors (such as administration, supervision, relationships, working conditions, Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author. 
salary, status, security and equity) causes demotivation and conversely the existence of motivational factors (such as achievement, recognition, work itself, responsibility, advancement and growth) foster motivation. Large engineering competitions are unbeatable in many of the hygiene factors are well taken care of and smaller course projects cannot compete with conditions and status, but these are secondary to the motivational factors, in which course project can compete, as long as these factors are taken care of in planning. While in large competitions motivational factors are self-evident through the grandeur surrounding a large international event, in course projects the factors need to be communicated by the teacher and shown through a good choice of topic that allows these motivation factors to evident, may allow teacher to reap many of the motivational benefits of engineering competitions. We propose that digital fabrication and collaborative projects could be used to improve student engagement and motivation by promoting a feeling of responsibility for and a sense of belonging to a joint project. A concrete, digitally fabricated artifact, compelling narrative and a critical responsibility for a key feature of the project outcome allow students to engage with the project earlier and with more dedication than a more abstract project, in which the apparent stakeholders are just the group members.
Case study: 2019 Project course
We present a case study for a project course arranged in Spring 2019 in the (INSTITUTION REDACTED), with the theme of a chess-playing robot as shown in Figure 1 . First prototype of a robotic arm of the complete system was constructed for the beginning of the course. This allowed the students to see a part of the artifact right at the beginning of the course for motivation and imparting a feeling of concreteness. 17 students were divided into 6 groups and each chose subtasks consisting either of only software or both software and fabricated components to be developed in the local FabLab (see Figure 2 for example models). These topics, ranging from machine vision and AI to improving and designing new parts to the robot, are needed for the final product to work as intended, and the Robotic Operating System ROS [12] was used to ensure software compatibility between student projects. In previous years the course had similar project themes, but without digital fabrication and without group projects linked to a joint project. While the number of students is insufficient to make strong conclusions, and comparing projects and students from different years introduces additional variables that make any conclusions indicative at best, the case study aims to determine if the described project improves the pass rate and project duration and how the student engagement as measured in total hours spent on the project changes from previous years. With a month to go until the end of the course, it seems that in all these measures the course is going to be more successful than previous iterations, and that the overall system developed will be functional. Achieving this principal aim seems to be a important source of motivation for students in the last part of the course.
Conclusions
By carefully selecting suitable topics and arrangements with consideration to underlying sources of motivation, the same mechanisms that make engineering competitions engaging and motivating for students can also be used in smaller scale engineering project courses. The authors have used this approach in an ongoing project course with preliminary but encouraging results to improve engagement and lower the number of groups abandoning the project course.
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